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AB Membrane type serine protease 1 (MT- 

SP1) is a representative member of a large family of related 
enzymes known as type II transmembrane serine proteases 
or membrane type serine proteases. MT- 

SP1 has been implicated in the selective proteolysis of key 
extracellular substrates but its physiological role is still not fully 
understood. MT-SP1 expression at the protein and RNA 

level has been previously examined by nonquantitative methods such as in 
situ hybridization, Northern blotting and immunohistochemistry . To 
establish an introductory understanding of the quantitative mRNA 
expression of MT-SP1 and to correlate these levels 

with urokinase - type plasminogen activator receptor (uPAR), a key component 

of extracellular proteolysis, quantitative RT-PCR was carried out. RNA 

expression was analyzed in 34 human cancer cell lines, 26 human tissues 

and 18 primary human breast cancer tissue samples. MT 

SP1 mRNA is highly expressed in many breast, ovarian, prostate and 

colon cancer cell lines and normal human tissues of endodermal origin. At 

the transcript level, MT-SP1 shows a highly 

statistically significant correlation (Pearson's product moment 
correlation r = 0.784, p < 0.001) with uPAR in human breast cancer tissue. 
The exact role of MT-SP1 in concert with proteins such 

as uPAR and other members of the plasminogen activator cascade has yet to 
be ascertained. However, the significant correlation between MT- 
SP1 and uPAR transcript levels in this initial study suggests 
further work to establish the role of MT-SP1 as a 

possible prognostic, diagnostic or therapeutic target for breast cancer. 
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AB Specific human antibodies targeting proteases expressed on cancer cells 

can be valuable reagents for diagnosis, prognosis, and therapy of cancer. 

To this end, a phage-displayed antibody library was screened against a 

cancer-associated serine protease, MT- 

SP1. A protein inhibitor of serine proteases 

that binds to a defined surface of MT-SP1 was used in 

an affinity-based washing procedure. Six antibodies were selected on the 
basis of their ELISA profiles and ability to serve as useful immunological 
reagents. The apparent Ki , indicative of the potency of the antibodies at 
inhibiting human MT-SP1 activity, ranged from 50 pM to 

129 nM. Two of the antibodies had approximately 800-fold and 1500-fold 
selectivity when tested against the most homologous serine 
protease family member, mouse MT-SP1, that 

exhibits 86.6% sequence identity. Surface plasmon resonance was used as an 
independent means of determining the binding constants of the six 
antibodies. Association rates were as high as 1.15 X 107 s-1 M-l, and 
dissociation rates were as low as 3.8 X 10-4 s-1. One antibody was shown 
to detect denatured MT-SP1 with no cross reactivity to 

other family members in HeLa or PC3 cells. Another antibody recognized the 
enzyme in human prostate tissue samples for immunohistochemistry analysis. 
The mode of binding among the six antibodies and the protease was analyzed 
by competition ELISA using three distinctly different inhibitors that 



mapped the enzyme surface. These antibodies constitute a new class of 
highly selective protease inhibitors that can be used to dissect the 
biological roles of proteolytic enzymes as well as to develop diagnostic 
and therapeutic reagents. 
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AB Matriptase/MT-SPl is a novel tumor - associated type II 
transmembrane serine protease that is highly expressed 

in the epidermis, thymic stroma, and other epithelia. A null mutation was 

introduced into the Matriptase/MT-SPl gene of mice to 

determine the role of Matriptase/MT-SPl in epidermal 

development and neoplasia. Mat riptase/MT - SP1 -de f i cient 

mice developed to term but uniformly died within 48 h of birth. All 

epidermal surfaces of newborn mice were grossly abnormal with a dry, red, 

shiny, and wrinkled appearance. Matriptase/MT-SPl 

-deficiency caused striking malformations of the stratum corneum, 
characterized by dysmorphic and pleomorphic corneocytes and the absence of 
vesicular bodies in transitional layer cells. This aberrant skin 
development seriously compromised both inward and outward epidermal 
barrier function, leading to the rapid and fatal dehydration of 
Matriptase/MT-SPl-def icient pups. Loss of Matriptase/ 
MT-SP1 also seriously affected hair follicle development 
resulting in generalized follicular hypoplasia, absence of erupted 
vibrissae, lack of vibrissal hair canal formation, ingrown vibrissae, and 
wholesale abortion of vibrissal follicles. Furthermore, Matriptase/ 
MT-SPl-def iciency resulted in dramatically increased 

thymocyte apoptosis, and depletion of thymocytes. This study demonstrates 
that Matriptase/MT-SPl has pleiotropic functions in 

the development of the epidermis, hair follicles, and cellular immune 

system . 
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AB A cDNA encoding a novel serine protease, which we 

designated spinesin, has been cloned from human spinal cord. The longest 
open reading frame was 457 amino acids. A homology search revealed that 
the human spinesin gene was located at chromosome llq23 and contained 13 



exons, the gene structure being similar to that of TMPRSS3 whose gene is 
also located on llq23 . Spinesin has a simple type II transmembrane 
structure, consisting of, from the N terminus, a short cytoplasmic domain, 
a transmembrane domain, a stem region containing a scavenger receptor - 1 i ke 
domain, and a serine protease domain. Unlike TMPRSS3 , 

it carries no low density lipoprotein receptor domain in the stem region. 
The extracellular region carries five N-glycosylation sites. The sequence 
of the protease domain carried the essential triad His, Asp, and Ser and 
showed some similarity to that of TMPRSS2, hepsin, HAT, MT- 
SP1, TM-PRSS3, and corin, sharing 45.5, 41.9, 41.3, 40.3, 39.1, 
and 38.5% identity, respectively. The putative mature protease domain 
preceded by H6DDDDK was produced in Escherichia coli, purified, and 
successfully activated by immobilized enterokinase . Its optimal pH was 
about 10. It cleaved synthetic substrates for trypsin, which is inhibited 
by p-amidinophenylmethanesulf onyl fluoride hydrochloride but not by 
antipain or leupeptin. Northern blot analysis against mRNA from human 
tissues including liver, lung, placenta, and heart demonstrated a specific 
expression of spinesin mRNA in the brain. Immunohistochemically , spinesin 
was predominantly expressed in neurons, in their axons, and at the 
synapses of motoneurons in the spinal cord. In addition, some 
oligodendrocytes were clearly stained. These results indicate that 
spinesin is transported to the synapses through the axons after its 
synthesis in the cytoplasm and may play important roles at the synapses. 
Further analyses are required to clarify its roles at the synapses and in 
oligodendrocytes . 
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AB Epithin was originally identified as a mouse type II membrane 

serine protease. Its human orthologue membrane type- 

serine protease 1 (MT-SP1 

) /matriptase has been reported to be localized on the plasma membrane. In 
addition, soluble forms of matriptase were isolated from human breast milk 
and breast cancer cell -conditioned medium. In this paper, we report a 
processing mechanism that appears to be required for the release of 
epithin. CH0-K1 or C0S7 cells transfected with single full-length epithin 
cDNA generated two di f f erent - si zed proteins in cell lysates, 110 and 92 
kDa. The 92-kDa epithin was found to be an N-terminally truncated form of 
the 110-kDa epithin, and it was the only form detected in the culture 
medium. The 92-kDa epithin was also found on the cell surface, where it 
was anchored by the N-terminal fragment. The results of in vivo cell 
labeling experiments indicate that the 110-kDa epithin is rapidly 
processed to the 92-kDa epithin. Using site-directed mutagenesis 
experiments, we identified Glyl49 of the GSVIA sequence in epithin as 
required for the processing and release of the protein. These results 
suggest that N-terminal processing of epithin at Glyl49 is a necessary 
prerequisite step for release of the protein. 
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AB The type II transmembrane multidomain serine proteinase MT- 

SPl/matriptase is highly expressed in many human cancer-derived 
cell lines and has been implicated in extracellular matrix re-modeling, 
tumor growth, and metastasis. We have expressed the catalytic domain of 
MT-SP1 and solved the crystal structures of complexes 

with benzamidine at 1.3 ANG and bovine pancreatic trypsin inhibitor at 2.9 
ANG . MT-SP1 exhibits a trypsin-like serine proteinase 

fold, featuring a unique nine-residue 60-insertion loop that influences 
interactions with protein substrates. The structure discloses a 
trypsin-like SI pocket, a small hydrophobic S2 subsite, and an open 
negatively charged S4 cavity that favors the binding of basic P3/P4 
residues. A complementary charge pattern on the surface opposite the 
active site cleft suggests a distinct docking of the preceding low density 
lipoprotein receptor class A domain. The benzamidine crystals possess a 
freely accessible active site and are hence well suited for soaking small 
molecules, facilitating the improvement of inhibitors. The crystal 
structure of the MT-SP1 complex with bovine pancreatic 

trypsin inhibitor serves as a model for hepatocyte growth factor activator 

inhibitor 1, the physiological inhibitor of MT-SP1, 

and suggests determinants for the substrate specificity. 
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AB Membrane type-serine protease 1 (MT- 

SP1) plays potential roles in the process of invasion and 

metastasis of carcinomas. In the present study, we cloned a rat MT 

-SP1 cDNA and investigated the intestinal distribution and 

proteolytic properties of the enzyme. By in situ hybridization we found 

the prominent expression of the mRNA in the epithelial layer of the small 

intestinal upper villi and of the colon, where cells are loosely attached 

to the basement membrane. When MT-SP1 was expressed in 

Caco-2, a colonic carcinoma cell line, the protein was localized 

exclusively on the basolateral side. A secreted form of the enzyme 

produced in COS-1 cells digested fibronectin and laminin. These findings 

suggest that MT-SP1 participates in the control of 

intestinal epithelial turnover by regulating the eel 1 - substratum adhesion. 
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AB Membrane-type serine protease 1 (MT- 

SP1) was recently cloned, and we now report its biochemical 
characterization. MT-SP1 is predicted to be a type II 
trans -membrane protein with an extracellular protease domain. This 
localization was experimentally verified using immunof luorescent 
microscopy and a cell-surface biotinylation technique. The substrate 
specificity of MT-SP1 was determined using a 

positional scanning- synthetic combinatorial library and substrate phage 

techniques. The preferred cleavage sequences were found to be 

(P4- (Arg/Lys) P3 - (X) P2 - (Ser) PI- (Arg) PI 1 - (Ala) ) and (P4- (X) P3- (Arg/Lys) P2 - 

(Ser)Pl(Arg) PI 1 (Ala) ) , where X is a non-basic amino acid. 

Protease-activated receptor 2 (PAR2) and single-chain urokinase - type 

plasminogen activator are proteins that are localized to the extracellular 

surface and contain the preferred MT-SP1 cleavage 

sequence. The ability of MT-SP1 to activate PARs was 

assessed by exposing PAR-expressing Xenopus oocytes to the soluble 

MT-SP1 protease domain. The latter triggered calcium 

signaling in PAR2 -expressing oocytes at 10 nM but failed to trigger 
calcium signaling in oocytes expressing PARI, PAR 3 , or PAR 4 at 100 nM. 
Single-chain urokinase -type plasminogen activator was activated using 
catalytic amounts of MT-SP1 (1 nM) , but plasminogen 

was not cleaved under similar conditions. The membrane localization of 
MT-SP1 and its affinity for these key extracellular 

substrates suggests a role of the proteolytic activity in regulatory 

events . 
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AB Three novel cDNAs encoding serine proteases, that may 

play a role in early vertebrate development, have been identified from 
Xenopus laevis. These Xenopus cDNAs encode trypsin- like serine 
proteases and are designated Xenopus embryonic serine 
protease (Xesp)-l, Xesp-2, and XMT-SP1, a homolog of human 
MT-SP1. Xesp-1 is likely to be a secreted protein that 

functions in the extracellular space. Xesp-2 and XMP-SP1 are likely to be 
type II membrane proteases with multidomain structures. Xesp-2 has eight 
low density lipoprotein receptor (LDLR) domains and one scavenger receptor 



cysteine - rich (SRCR) domain, and XMT-SP1 has four LDLR domains and two CUB 
domains. The temporal expressions of these serine 

protease genes show distinct and characteristic patterns during 
embryogenes i s , and they are differently distributed in adult tissues. 
Overexpress i on of Xesp-1 caused no significant defect in embryonic 
development, but overexpression of Xesp-2 or XMT-SP1 caused defective 
gastrulation or apoptosis, respectively. These results suggest that these 
proteases may play important roles during early Xenopus development, such 
as regulation of cell movement in gastrulae. 
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protease genes from Xenopus laevis. 
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Serine proteases of the chymotrypsin fold are of great 

interest because they provide detailed understanding of their enzymatic 
properties and their proposed role in a number of physiological and 
pathological processes. We have been developing the macromolecular 
inhibitor ecotin to be a "fold-specific" inhibitor that is selective for 
members of the chymotrypsin- fold class of proteases. Inhibition of 
protease activity through the use of wild-type and engineered ecotins 
results in inhibition of rat prostate differentiation and retardation of 
the growth of human PC-3 prostatic cancer tumors. In an effort to identify 
the proteases that may be involved in these processes, reverse 
transcription-PCR with PC-3 poly ( A) + mRNA was performed by using 
degenerate oligonucleotide primers. These primers were designed by using 
conserved protein sequences unique to chymotrypsin- fold serine 
proteases. Five proteases were identified: urokinase-type 
plasminogen activator, factor XII, protein C, trypsinogenlV, and a 
protease that we refer to as membrane - type serine 
protease 1 (MT-SP1) . The cloning and 
characterization of the MT-SP1 cDNA shows that it 

encodes a mosaic protein that contains a transmembrane signal anchor, two 
CUB domains, four LDLR repeats, and a serine protease 
domain. Northern blotting shows broad expression of MT- 
SP1 in a variety of epithelial tissues with high levels of 
expression in the human gastrointestinal tract and the prostate. A 
His-tagged fusion of the MT-SP1 protease domain was 

expressed in Escherichia coli, purified, and autoact ivated . Ecotin and 

variant ecotins are subnanomolar inhibitors of the MT- 

SP1 activated protease domain, suggesting a possible role for 

MT-SP1 in prostate differentiation and the growth of 

prostatic carcinomas. 
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AB Matriptase/MT- SP1 is a novel tumor - assoc i ated type II 
transmembrane serine protease that is highly expressed 

in the epidermis, thymic stroma, and other epithelia. A null mutation was 

introduced into the Matriptase/MT- SP1 gene of mice to 

determine the role of Matr iptase/MT-SPl in epidermal 

development and neoplasia. Mat r iptase/MT - SP1 - def i c ient 

mice developed to term but uniformly died within 48 h of birth. All 

epidermal surfaces of newborn mice were grossly abnormal with a dry, red, 

shiny, and wrinkled appearance. Matriptase/MT-SPl 

-deficiency caused striking malformations of the stratum corneum, 
characterized by dysmorphic and pleomorphic corneocytes and the absence of 
vesicular bodies in transitional layer cells. This aberrant skin 
development seriously compromised both inward and outward epidermal 
barrier function, leading to the rapid and fatal dehydration of 
Matriptase/MT-SPl -def icient pups. Loss of Matriptase/ 
MT-SP1 also seriously affected hair follicle development 
resulting in generalized follicular hypoplasia, absence of erupted 
vibrissae, lack of vibrissal hair canal formation, ingrown vibrissae, and 
wholesale abortion of vibrissal follicles. Furthermore, Matriptase/ 
MT-SPl-def iciency resulted in dramatically increased 

thymocyte apoptosis, and depletion of thymocytes. This study demonstrates 
that Matriptase/MT-SPl has pleiotropic functions in 

the development of the epidermis, hair follicles, and cellular immune 
system . 
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AB A cDNA encoding a novel serine protease, which we 

designated spinesin, has been cloned from human spinal cord. The longest 
open reading frame was 457 amino acids. A homology search revealed that 
the human spinesin gene was located at chromosome llq23 and contained 13 
exons , the gene structure being similar to that of TMPRSS3 whose gene is 
also located on llq23. Spinesin has a simple type II transmembrane 
structure, consisting of, from the N terminus, a short cytoplasmic domain, 
a transmembrane domain, a stem region containing a scavenger receptor - 1 ike 
domain, and a serine protease domain. Unlike TMPRSS3 , 

it carries no low density lipoprotein receptor domain in the stem region. 

The extracellular region carries five N-glycosylation sites. The sequence 

of the protease domain carried the essential triad His, Asp, and Ser and 

showed some similarity to that of TMPRSS2, hepsin, HAT, MT- 

SP1, TMPRSS3, and corin, sharing 45.5, 41.9, 41.3, 40.3, 39.1, and 

38.5% identity, respectively. The putative mature protease domain preceded 

by H sub ( 6 ) DDDDK was produced in Escherichia coli, purified, and 

successfully activated by immobilized enterokinase . Its optimal pH was 

about 10. It cleaved synthetic substrates for trypsin, which is inhibited 




by p - amidinophenylmethanesul f ony 1 fluoride hydrochloride but not by 
antipain or leupeptin. Northern blot analysis against raRNA from human 
tissues including liver, lung, placenta, and heart demonstrated a specific 
expression of spinesin mRNA in the brain. Immunohi stochemi cal ly , spinesin 
was predominantly expressed in neurons, in their axons, and at the 
synapses of motoneurons in the spinal cord. In addition, some 
oligodendrocytes were clearly stained. These results indicate that 
spinesin is transported to the synapses through the axons after its 
synthesis in the cytoplasm and may play important roles at the synapses. 
Further analyses are required to clarify its roles at the synapses and in 
oligodendrocytes . 
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AB Epithin was originally identified as a mouse type II membrane 
serine protease. Its human orthologue membrane type- 
serine protease 1 (MT-SP1 

) /matriptase has been reported to be localized on the plasma membrane. In 
addition, soluble forms of matriptase were isolated from human breast milk 
and breast cancer cell-conditioned medium. In this paper, we report a 
processing mechanism that appears to be required for the release of 
epithin. CH0-K1 or C0S7 cells transfected with single full-length epithin 
cDNA generated two different-sized proteins in cell lysates, 110 and 92 
kDa . The 92-kDa epithin was found to be an N-terminally truncated form of 
the 110-kDa epithin, and it was the only form detected in the culture 
medium. The 92-kDa epithin was also found on the cell surface, where it 
was anchored by the N-terminal fragment. The results of in vivo cell 
labeling experiments indicate that the 110-kDa epithin is rapidly 
processed to the 92-kDa epithin. Using site-directed mutagenesis 
experiments, we identified Gly super (149) of the GSVIA sequence in epithin 
as required for the processing and release of the protein. These results 
suggest that N-terminal processing of epithin at Gly super (149) is a 
necessary prerequisite step for release of the protein. 
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AB Membrane type-serine protease 1 (MT- 

SP1) plays potential roles in the process of invasion and 
metastasis of carcinomas. In the present study, we cloned a rat MT 



-SP1 cDNA and investigated the intestinal distribution and 

proteolytic properties of the enzyme. By in situ hybridization we found 

the prominent expression of the mRNA in the epithelial layer of the small 

intestinal upper villi and of the colon, where cells are loosely attached 

to the basement membrane. When MT-SP1 was expressed in 

Caco-2, a colonic carcinoma cell line, the protein was localized 

exclusively on the basolateral side. A secreted form of the enzyme 

produced in COS - 1 cells digested fibronectin and laminin. These findings 

suggest that MT-SP1 participates in the control of 

intestinal epithelial turnover by regulating the eel 1 -substratum adhesion. 
Copyright 2001 Academic Press. 
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AB Three novel cDNAs encoding serine proteases, that may 

play a role in early vertebrate development, have been identified from 
Xenopus laevis. These Xenopus cDNAs encode trypsin-like serine 
proteases and are designated Xenopus embryonic serine 
protease (Xesp)-l, Xesp-2, and XMT-SP1, a homolog of human 
MT-SP1. Xesp-1 is likely to be a secreted protein that 

functions in the extracellular space. Xesp-2 and XMP-SP1 are likely to be 
type II membrane proteases with multidomain structures. Xesp-2 has eight 
low density lipoprotein receptor (LDLR) domains and one scavenger receptor 
cysteine-rich (SRCR) domain, and XMT-SP1 has four LDLR domains and two CUB 
domains. The temporal expressions of these serine 
protease genes show distinct and characteristic patterns during 
embryogenesis , and they are differently distributed in adult tissues. 
Overexpression of Xesp-1 caused no significant defect in embryonic 
development, but overexpression of Xesp-2 or XMT-SP1 caused defective 
gastrulation or apoptosis, respectively. These results suggest that these 
proteases may play important roles during early Xenopus development, such 
as regulation of cell movement in gastrulae. 
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AB Provided herein is are polypeptides that include the protease domain of 

a type II transmembrane serine protease (MTSP) as a 

single chain. Methods using the polypeptides to identify compounds that 
modulate the protease activity of an MTSP are provided. Also provided 



are MTSPs designated MTSP3 and MTSP4 and a form of an MTSP designa 
MTSP6 . 
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AB Isolated Dendritic Cell Transmembrane Serine Proteases 

, DNAs encoding such serine proteases, and 

pharmaceutical and/or diagnostic compositions made therefrom, are 
disclosed. The isolated serine proteases can be used 
to hydrolyze peptide bonds. The serine proteases are 

also useful in screening for inhibitors or agonists thereof. 
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AB The present invention provides compounds which inhibit serine 

protease activity of matriptase or MTSP1 . Also provided are 
pharmaceutical compositions comprising those compounds and methods of 
using the compounds and pharmaceutical compositions to treat conditions 
ameliorated by inhibition of matriptase or MTSP1 . 
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AB The present invention relates to the compositions, methods, and 

applications of a new approach to pattern recognition based targeting by 
which an exponential amplification of effector response can be 
specifically obtained at a targeted cells. The purpose of this invention 
is to enable the selective delivery of large quantities of an array of 
effector molecules to target cells for diagnostic or therapeutic 
purposes. The invention is comprised of two components designated as 
"Compound 1" and "Compound 2": Compound 1 is comprised of a cell binding 
agent and a masked female adaptor. Compound 2 is comprised of a male 
ligand, an effector agent, and two or more masked female receptors. The 
male ligand is selected to bind with high affinity to the female 
adaptor. Compound 1 can bind with high affinity to the target cell and 
the female receptor can then be unmasked by an enzyme enriched at the 
tumor cell . The male ligand of Compound 2 can then bind to the unmasked 
female adaptor bound to the target cell. The masked female adaptor on 
the bound Compound 2 can then be specifically unmasked. One receptor has 
in effect become two. Two new molecules of Compound 2 can bind to the 
unmasked adaptors receptors. After unmasking two receptors in effect 
become four. The process can continue in an explosive exponential like 
fashion resulting in enormous amplification of the number of effector 
molecules specifically deposited at the target cell. 
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AB Membrane type serine protease 1 (MT- 

SP1) is a representative member of a large family of related 
enzymes known as type II transmembrane serine proteases 
or membrane type serine proteases . MT- 

SP1 has been implicated in the selective proteolysis of key 
extracellular substrates but its physiological role is still not fully 
understood. MT-SP1 expression at the protein and RNA 



level has been previously examined by nonquant itat ive methods such as in 
situ hybridization, Northern blotting and immunohi stochemistry . To 
establish an introductory understanding of the quantitative mRNA 
expression of MT-SP1 and to correlate these levels 

with urokinase - type plasminogen activator receptor (uPAR), a key component 

of extracellular proteolysis, quantitative RT-PCR was carried out. RNA 

expression was analyzed in 34 human cancer cell lines, 26 human tissues 

and 18 primary human breast cancer tissue samples. MT- 

SP1 mRNA is highly expressed in many breast, ovarian, prostate and 

colon cancer cell lines and normal human tissues of endodermal origin. At 

the transcript level, MT-SP1 shows a highly 

statistically significant correlation (Pearson's product moment 
correlation r = 0.784, p < 0.001) with uPAR in human breast cancer tissue. 
The exact role of MT-SP1 in concert with proteins such 

as uPAR and other members of the plasminogen activator cascade has yet to 
be ascertained. However, the significant correlation between MT 
-SP1 and uPAR transcript levels in this initial study suggests 
further work to establish the role of MT-SP1 as a 

possible prognostic, diagnostic or therapeutic target for breast cancer. 
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AB Many serine proteases play important regulatory roles 

in complex biological systems, but only a few have been linked directly 
with capillary morphogenesis and angiogenesis . Here we provide evidence 
that serine protease activities, independent of the 

plasminogen activation cascade, are required for microvascular endothelial 
cell reorganization and capillary morphogenesis in vitro. A homology 
cloning approach targeting conserved motifs present in all serine 
proteases, was used to identify candidate serine 
proteases involved in these processes, and revealed 5 genes 
(acrosin, testisin, neurosin, PSP and neurotryps in ) , none of which had 
been associated previously with expression in endothelial cells. A 
subsequent gene - speci f ic RT-PCR screen for 22 serine 
proteases confirmed expression of these 5 genes and identified 7 
additional serine protease genes expressed by human 

endothelial cells, urokinase-type plasminogen activator, protein C, 
TMPRSS2, hepsin, matriptase/MT-SPl, 

dipeptidylpeptidase IV, and seprase . Differences in serine 
protease gene expression between microvascular and human umbilical 
vein endothelial cells (HUVECs) were identified and several serine 
protease genes were found to be regulated by the nature of the 
substratum, ie. artificial basement membrane or fibrillar type I collagen. 
mRNA transcripts of several serine protease genes were 

associated with blood vessels in vivo by in situ hybridization of human 
tissue specimens. These data suggest a potential role for serine 
proteases, not previously associated with endothelium, in vascular 



function and angiogenesis . 
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AB Specific human antibodies targeting proteases expressed on cancer cells 

can be valuable reagents for diagnosis, prognosis, and therapy of cancer. 

To this end, a phage -displayed antibody library was screened against a 

cancer-associated serine protease, MT- 

SP1 . A protein inhibitor of serine proteases 

that binds to a defined surface of MT-SP1 was used in 

an affinity-based washing procedure. Six antibodies were selected on the 
basis of their ELISA profiles and ability to serve as useful immunological 
reagents. The apparent K(i), indicative of the potency of the antibodies 
at inhibiting human MT-SP1 activity, ranged from 50 pM 

to 129 nM. Two of the antibodies had approximately 800-fold and 1500-fold 
selectivity when tested against the most homologous serine 
protease family member, mouse MT-SP1, that 

exhibits 86.6% sequence identity. Surface plasmon resonance was used as 
an independent means of determining the binding constants of the six 
antibodies. Association rates were as high as 1.15 x 10(7) s(-) (1) 
M ( - ) (1) , and dissociation rates were as low as 3.8 x 10(-)(4) s(-)(l). 
One antibody was shown to detect denatured MT-SP1 with 

no cross reactivity to other family members in HeLa or PC3 cells. Another 
antibody recognized the enzyme in human prostate tissue samples for 
immunohistochemistry analysis. The mode of binding among the six 
antibodies and the protease was analyzed by competition ELISA using three 
distinctly different inhibitors that mapped the enzyme surface. These 
antibodies constitute a new class of highly selective protease inhibitors 
that can be used to dissect the biological roles of proteolytic enzymes as 
well as to develop diagnostic and therapeutic reagents. 
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AB Matriptase/MT- SP1 is a novel tumor - associated type II 
transmembrane serine protease that is highly expressed 

in the epidermis, thymic stroma, and other epithelia. A null mutation was 
introduced into the Mat r iptase/MT - SP1 gene of mice to 
determine the role of Matriptase/MT- SP1 in epidermal 
development and neoplasia. Matriptase/MT- SP1 

-deficient mice developed to term but uniformly died within 48 h of birth. 
All epidermal surfaces of newborn mice were grossly abnormal with a dry, 
red, shiny, and wrinkled appearance. Mat r iptase/MT - SP1 
-deficiency caused striking malformations of the stratum corneum, 
characterized by dysmorphic and pleomorphic corneocytes and the absence of 
vesicular bodies in transitional layer cells. This aberrant skin 
development seriously compromised both inward and outward epidermal 
barrier function, leading to the rapid and fatal dehydration of 
Matriptase/MT-SPl-def icient pups. Loss of Matriptase/ 
MT-SP1 also seriously affected hair follicle development 
resulting in generalized follicular hypoplasia, absence of erupted 
vibrissae, lack of vibrissal hair canal formation, ingrown vibrissae, and 
wholesale abortion of vibrissal follicles. Furthermore, Matriptase/ 
MT-SPl-def iciency resulted in dramatically increased 

thymocyte apoptosis, and depletion of thymocytes. This study demonstrates 
that Matriptase/MT- SP1 has pleiotropic functions in 

the development of the epidermis, hair follicles, and cellular immune 
system . 
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AB A cDNA encoding a novel serine protease, which we 

designated spinesin, has been cloned from human spinal cord. The longest 
open reading frame was 457 amino acids. A homology search revealed that 
the human spinesin gene was located at chromosome llq23 and contained 13 
exons , the gene structure being similar to that of TMPRSS3 whose gene is 
also located on llq23 . Spinesin has a simple type II transmembrane 
structure, consisting of, from the N terminus, a short cytoplasmic domain, 
a transmembrane domain, a stem region containing a scavenger receptor- like 
domain, and a serine protease domain. Unlike TMPRSS3 , 

it carries no low density lipoprotein receptor domain in the stem region. 
The extracellular region carries five N-glycosylation sites. The sequence 
of the protease domain carried the essential triad His, Asp, and Ser and 
showed some similarity to that of TMPRSS2 , hepsin, HAT, MT- 
SP1, TMPRSS3, and corin, sharing 45.5, 41.9, 41.3, 40.3, 39.1, and 
38.5% identity, respectively. The putative mature protease domain 
preceded by H ( 6 ) DDDDK was produced in Escherichia coli, purified, and 
successfully activated by immobilized enterokinase . Its optimal pH was 



about 10. It cleaved synthetic substrates for trypsin, which is inhibited 
by p - amidinophenylmethanesul f onyl fluoride hydrochloride but not by 
antipain or leupeptin. Northern blot analysis against mRNA from human 
tissues including liver, lung, placenta, and heart demonstrated a specific 
expression of spinesin mRNA in the brain. Immunohistochemical ly , spinesin 
was predominantly expressed in neurons, in their axons, and at the 
synapses of motoneurons in the spinal cord. In addition, some 
oligodendrocytes were clearly stained. These results indicate that 
spinesin is transported to the synapses through the axons after its 
synthesis in the cytoplasm and may play important roles at the synapses. 
Further analyses are required to clarify its roles at the synapses and in 
ol igodendrocytes . 
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AB Epithin was originally identified as a mouse type II membrane 
serine protease. Its human orthologue membrane type- 
serine protease 1 (MT-SP1 

) /matriptase has been reported to be localized on the plasma membrane. In 
addition, soluble forms of matriptase were isolated from human breast milk 
and breast cancer cell - conditioned medium. In this paper, we report a 
processing mechanism that appears to be required for the release of 
epithin. CH0-K1 or C0S7 cells transfected with single full-length epithin 
cDNA generated two different-sized proteins in cell lysates, 110 and 92 
kDa. The 92-kDa epithin was found to be an N-terminally truncated form of 
the 110-kDa epithin, and it was the only form detected in the culture 
medium. The 92-kDa epithin was also found on the cell surface, where it 
was anchored by the N-terminal fragment. The results of in vivo cell 
labeling experiments indicate that the 110-kDa epithin is rapidly 
processed to the 92-kDa epithin. Using site-directed mutagenesis 
experiments, we identified Gly(149) of the GSVIA sequence in epithin as 
required for the processing and release of the protein. These results 
suggest that N-terminal processing of epithin at Gly(149) is a necessary 
prerequisite step for release of the protein. 
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AB Membrane type-serine protease 1 (MT- 

SP1) plays potential roles in the process of invasion and 
metastasis of carcinomas. In the present study, we cloned a rat 
MT-SP1 cDNA and investigated the intestinal distribution 

and proteolytic properties of the enzyme. By in situ hybridization we 
found the prominent expression of the mRNA in the epithelial layer of the 
small intestinal upper villi and of the colon, where cells are loosely 
attached to the basement membrane. When MT-SP1 was 

expressed in Caco-2, a colonic carcinoma cell line, the protein was 

localized exclusively on the basolateral side. A secreted form of the 

enzyme produced in COS-1 cells digested fibronectin and laminin. These 

findings suggest that MT-SP1 participates in the 

control of intestinal epithelial turnover by regulating the 

eel 1 - substratum adhesion. 
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AB Membrane-type serine protease 1 (MT- 

SP1) was recently cloned, and we now report its biochemical 
characterization. MT-SP1 is predicted to be a type II 
transmembrane protein with an extracellular protease domain. This 
localization was experimentally verified using immunof luorescent 
microscopy and a cell-surface biotinylation technique. The substrate 
specificity of MT-SP1 was determined using a 

positional scanning-synthetic combinatorial library and substrate phage 

techniques. The preferred cleavage sequences were found to be 

(P4- (Arg/Lys) P3 - (X) P2 - ( Ser ) PI - (Arg) PI ' - (Ala) ) and (P4- (X) P3- (Arg/Lys) P2 - 

(Ser)Pl(Arg) PI' (Ala)), where X is a non-basic amino acid. 

Protease -act ivated receptor 2 ( PAR 2 ) and single-chain urokinase - type 

plasminogen activator are proteins that are localized to the extracellular 

surface and contain the preferred MT-SP1 cleavage 

sequence. The ability of MT-SP1 to activate PARs was 

assessed by exposing PAR-expressing Xenopus oocytes to the soluble 

MT-SP1 protease domain. The latter triggered calcium 

signaling in PAR2 -expressing oocytes at 10 nm but failed to trigger 
calcium signaling in oocytes expressing PARI, PAR 3 , or PAR 4 at 100 nm . 



Single-chain urokinase-type plasminogen activator was activated using 
catalytic amounts of MT-SP1 (1 nm) , but plasminogen 

was not cleaved under similar conditions. The membrane localization of 
MT-SP1 and its affinity for these key extracellular 

substrates suggests a role of the proteolytic activity in regulatory 
event s . 
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AB Three novel cDNAs encoding serine proteases, that may 

play a role in early vertebrate development, have been identified from 
Xenopus laevis. These Xenopus cDNAs encode trypsin- like serine 
proteases and are designated Xenopus embryonic serine 
protease (Xesp)-l, Xesp-2, and XMT-SP1, a homolog of human 
MT-SP1. Xesp-1 is likely to be a secreted protein that 

functions in the extracellular space. Xesp-2 and XMP-SP1 are likely to be 
type II membrane proteases with multidomain structures. Xesp-2 has eight 
low density lipoprotein receptor (LDLR) domains and one scavenger receptor 
cysteine-rich (SRCR) domain, and XMT-SP1 has four LDLR domains and two CUB 
domains. The temporal expressions of these serine 
protease genes show distinct and characteristic patterns during 
embryogenesis , and they are differently distributed in adult tissues. 
Overexpression of Xesp-1 caused no significant defect in embryonic 
development, but overexpression of Xesp-2 or XMT-SP1 caused defective 
gastrulation or apoptosis, respectively. These results suggest that these 
proteases may play important roles during early Xenopus development, such 
as regulation of cell movement in gastrulae. 
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AB Serine proteases of the chymotrypsin fold are of great 

interest because they provide detailed understanding of their enzymatic 
properties and their proposed role in a number of physiological and 
pathological processes. We have been developing the macromol ecular 
inhibitor ecotin to be a "fold-specific" inhibitor that is selective for 
members of the chymotrypsin- fold class of proteases. Inhibition of 
protease activity through the use of wild-type and engineered ecotins 
results in inhibition of rat prostate differentiation and retardation of 
the growth of human PC-3 prostatic cancer tumors. In an effort to 
identify the proteases that may be involved in these processes, reverse 
transcription-PCR with PC-3 poly (A) + mRNA was performed by using 
degenerate oligonucleotide primers. These primers were designed by using 
conserved protein sequences unique to chymotrypsin- fold serine 
proteases. Five proteases were identified: urokinase - type 
plasminogen activator, factor XII, protein C, trypsinogen IV, and a 
protease that we refer to as membrane - type serine 
protease 1 (MT-SP1) . The cloning and 
characterization of the MT-SP1 cDNA shows that it 

encodes a mosaic protein that contains a transmembrane signal anchor, two 
CUB domains, four LDLR repeats, and a serine protease 
domain. Northern blotting shows broad expression of MT 
SP1 in a variety of epithelial tissues with high levels of 
expression in the human gastrointestinal tract and the prostate. A 
His-tagged fusion of the MT-SP1 protease domain was 

expressed in Escherichia coli, purified, and autoactivated . Ecotin and 

variant ecotins are subnanomolar inhibitors of the MT- 

SP1 activated protease domain, suggesting a possible role for 

MT-SP1 in prostate differentiation and the growth of 

prostatic carcinomas . 
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AB Membrane - type serine protease 1 (MT- 

SP1) , identical to matriptase, is a recently identified type II 

transmembrane serine protease. MT- 

SPl/matriptase is of considerable interest for the development, 
homeostasis, and cancer invasion and metastasis of epithelial tissues. 
The administration of inhibitors for MT-SPl/matriptase 

may be effective to suppress the development of tumors where the enzyme 
may be involved. In the present study, we produced a secreted form of 



• 



recombinant MT-SPl/matriptase (ekMT-SPls) that can be 

activated by enterokinase in vitro and investigated the inhibitory ability 
of various protease inhibitors toward the recombinant enzyme. The 
enterokinase-treated ekMT-SPls (active ekMT-SPls) cleaved various 
pept idyl - 4 -methylcoumaryl - 7 - amide (MCA) substrates with arginine (or 
lysine) residue at position PI, and the best substrate was 
t -butyloxycarbonyl ( Boc ) - Gin - Ala - Arg - MCA . The specificity for the 
synthetic and natural substrates of the active ekMT-SPls was in good 
agreement with that of the natural enzyme. Endogenous protease inhibitors 
tested, except for antithrombin III, showed no or little inhibition on the 
cleavage of Boc -Gin-Ala -Arg-MCA by the active ekMT-SPls. Aprotinin showed 
strong inhibitory activity toward the cleavage. Food-derived inhibitors, 
such as soybean trypsin inhibitor, Bowman-Birk inhibitor, and lima bean 
trypsin inhibitor inhibited it, while chicken ovomucoid did not. 
Synthetic inhibitors tested inhibited it, and among them, the inhibitory 
effect of FOY-305 was strongest. The present findings provide important 
information for the suppression of cancer invasion and metastasis for 
which MT-SPl/matriptase is responsible. 
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AB Membrane type serine protease 1 (MT- 

SP1) is a representative member of a large family of related 
enzymes known as type II transmembrane serine proteases 
or membrane type serine proteases. MT- 

SP1 has been implicated in the selective proteolysis of key 
extracellular substrates but its physiol. role is still not fully 
understood. MT-SP1 expression at the protein and RNA 

level has been previously examd . by non-quant, methods such as in situ 
hybridization, Northern blotting and immunohistochem . To establish an 
introductory understanding of the quant. mRNA expression of MT- 
SP1 and to correlate these levels with urokinase - type plasminogen 
activator receptor (uPAR) , a key component of extracellular proteolysis, 
quant. RT-PCR was carried out. RNA expression was analyzed in 34 human 
cancer cell lines, 26 human tissues and 18 primary human breast cancer 
tissue samples. MT-SP1 mRNA is highly expressed in 

many breast, ovarian, prostate and colon cancer cell lines and normal 
human tissues of endodermal origin. At the transcript level, MT 
-SP1 shows a highly statistically significant correlation 

(Pearson's product moment correlation r = 0.784, p < 0.001) with uPAR in 
human breast cancer tissue. The exact role of MT-SP1 

in concert with proteins such as uPAR and other members of the plasminogen 
activator cascade has yet to be ascertained. However, the significant 
correlation between MT-SP1 and uPAR transcript levels 

in this initial study suggests further work to establish the role of 
MT-SP1 as a possible prognostic, diagnostic or 
therapeutic target for breast cancer. 
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AB Specific human antibodies targeting proteases expressed on cancer cells 

can be valuable reagents for diagnosis, prognosis, and therapy of cancer. 

To this end, a phage - di splayed antibody library was screened against a 

cancer - assocd . serine protease, MT- 

SP1 . A protein inhibitor of serine proteases 

that binds to a defined surface of MT-SP1 was used in 

an affinity-based washing procedure. Six antibodies were selected on the 

basis of their ELISA profiles and ability to serve as useful immunol . 

reagents. The apparent Ki , indicative of the potency of the antibodies at 

inhibiting human MT-SP1 activity, ranged from 50 pM to 

129 nM. Two of the antibodies had approx. 800-fold and 1500-fold 

selectivity when tested against the most homologous serine 

protease family member, mouse MT-SP1, that 

exhibits 86.6% sequence identity. Surface plasmon resonance was used as 
an independent means of detg. the binding consts . of the six antibodies. 
Assocn. rates were as high as 1 . 15 . times . 107 s-1 M-l, and dissocn. rates 
were as low as 3 . 8 . times . 10 -4 s-1. One antibody was shown to detect 
denatured MT-SP1 with no cross reactivity to other 

family members in HeLa or PC3 cells. Another antibody recognized the 
enzyme in human prostate tissue samples for immunohistochem. anal. The 
mode of binding among the six antibodies and the protease was analyzed by 
competition ELISA using three distinctly different inhibitors that mapped 
the enzyme surface. These antibodies constitute a new class of highly 
selective protease inhibitors that can be used to dissect the biol . roles 
of proteolytic enzymes as well as to develop diagnostic and therapeutic 
reagents . 
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AB A review on the domain structure and processing of membrane type 

serine protease 1 (MT-SP1) , tissue 

distribution of MT-SP1, and potential roles of 

MT-SP1 in epithelial turnover, apoptosis, tissue repair, 

and cancer invasion. 
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repair and apoptosis on the one hand, aggravating cancer invasion on the 

other hand 
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AB Matriptase/MT-SPl is a novel tumor - as socd . type II 

transmembrane serine protease that is highly expressed 

in the epidermis, thymic stroma, and other epithelia. A null mutation was 
introduced into the Matriptase/MT-SPl gene of mice to 
det . the role of Matriptase/MT-SPl in epidermal 
development and neoplasia. Matriptase/MT-SPl 

-deficient mice developed to term but uniformly died within 48 h of birth. 
All epidermal surfaces of newborn mice were grossly abnormal with a dry, 
red, shiny, and wrinkled appearance. Matriptase/MT-SPl 
-deficiency caused striking malformations of the stratum corneum, 
characterized by dysmorphic and pleomorphic corneocytes and the absence of 
vesicular bodies in transitional layer cells. This aberrant skin 
development seriously compromised both inward and outward epidermal 
barrier function, leading to the rapid and fatal dehydration of 
Matriptase/MT- SP1 -deficient pups. Loss of Matriptase/ 
MT-SP1 also seriously affected hair follicle development 
resulting in generalized follicular hypoplasia, absence of erupted 
vibrissae, lack of vibrissal hair canal formation, ingrown vibrissae, and 
wholesale abortion of vibrissal follicles. Furthermore, Matriptase/ 
MT-SPl-def iciency resulted in dramatically increased 

thymocyte apoptosis, and depletion of thymocytes. This study demonstrates 
that Matriptase/MT-SPl has pleiotropic functions in 

the development of the epidermis, hair follicles, and cellular immune 

system. 
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AB A cDNA encoding a novel serine protease, which we 

designated spinesin, has been cloned from human spinal cord. The longest 
open reading frame was 457 amino acids. A homol . search revealed that the 
human spinesin gene was located at chromosome llq2 3 and contained 13 
exons , the gene structure being similar to that of TMPRSS3 whose gene is 
also located on llq23 . Spinesin has a simple type II transmembrane 
structure, consisting of, from the N terminus, a short cytoplasmic domain, 
a transmembrane domain, a stem region contg . a scavenger receptor- 1 ike 
domain, and a serine protease domain. Unlike TMPRSS3 , 



it carries no low d. lipoprotein receptor domain in the stem region. The 
extracellular region carries five N-glycosylation sites. The sequence of 
the protease domain carried the essential triad His, Asp, and Ser and 
showed some similarity to that of TMPRSS2, hepsin, HAT, MT- 
SP1, TMPRSS3, and corin, sharing 45.5, 41.9, 41.3, 40.3, 39.1, and 
38.5% identity, resp. The putative mature protease domain preceded by 
H6DDDDK was produced in Escherichia coli, purified, and successfully 
activated by immobilized enterokmase . Its optimal pH was about 10. It 
cleaved synthetic substrates for trypsin, which is inhibited by 
p-amidinophenylmethanesulf onyl fluoride hydrochloride but not by antipain 
or leupeptin. Northern blot anal, against mRNA from human tissues 
including liver, lung, placenta, and heart demonstrated a specific 
expression of spinesin mRNA in the brain. Immunohi stochem . , spinesin was 
predominantly expressed in neurons, in their axons, and at the synapses of 
motoneurons in the spinal cord. In addn . , some oligodendrocytes were 
clearly stained. These results indicate that spinesin is transported to 
the synapses through the axons after its synthesis in the cytoplasm and 
may play important roles at the synapses. Further analyses are required 
to clarify its roles at the synapses and in oligodendrocytes. 
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AB Epithin was originally identified as a mouse type II membrane 
serine protease. Its human orthologue membrane type- 
serine protease 1 (MT-SP1 

) /matriptase has been reported to be localized on the plasma membrane. In 
addn., sol. forms of matriptase were isolated from human breast milk and 
breast cancer cell -conditioned medium. In this paper, we report a 
processing mechanism that appears to be required for the release of 
epithin. CH0-K1 or C0S7 cells transfected with single full-length epithin 
cDNA generated two dif f erent - si zed proteins in cell lysates, 110 and 92 
kDa. The 92-kDa epithin was found to be an N-terminally truncated form of 
the 110-kDa epithin, and it was the only form detected in the culture 
medium. The 92-kDa epithin was also found on the cell surface, where it 
was anchored by the N-terminal fragment. The results of in vivo cell 
labeling expts. indicate that the 110-kDa epithin is rapidly processed to 
the 92-kDa epithin. Using site -directed mutagenesis expts., we identified 
Glyl49 of the GSVIA sequence in epithin as required for the processing and 
release of the protein. These results suggest that N-terminal processing 
of epithin at Glyl49 is a necessary prerequisite step for release of the 
protein . 
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AB Membrane type-serine protease 1 (MT- 

SP1) plays potential roles in the process of invasion and 
metastasis of carcinomas. In the present study, we cloned a rat 
MT-SP1 cDNA and investigated the intestinal distribution 

and proteolytic properties of the enzyme. By in situ hybridization we 
found the prominent expression of the mRNA in the epithelial layer of the 
small intestinal upper villi and of the colon, where cells are loosely 
attached to the basement membrane. When MT-SP1 was 

expressed in Caco-2, a colonic carcinoma cell line, the protein was 

localized exclusively on the basolateral side. A secreted form of the 

enzyme produced in COS-1 cells digested fibronectin and laminin. These 

findings suggest that MT-SP1 participates in the 

control of intestinal epithelial turnover by regulating the 

cell - substratum adhesion. (c) 2001 Academic Press. 
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AB A review on matrix metalloproteinases (MMPs) and urokinase - type 

plasminogen activator (uPA) in proteolytic degrdn. of the extracellular 
matrix and basement membrane in cancer invasion and metastasis. 
Specifically roles of MMP-2 and MMP-9 in proteolytic degrdn. and roles of 
uPA, uPA receptor, membrane - type matrix metalloproteinases (MT- MMPs ) , and 
MMP-3 in regulating MMP activation cascade are discussed. Topics 
discussed include proteinases in proteolytic degrdn. of the extracellular 
matrix and basement membrane; matrix metalloproteinases; serine 
proteinases and membrane type serine proteinase 1 (MT- 
SP1) ; and clin. application of MMP inhibitors. 
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AB This invention provides cDNA and encoded amino acid sequences of a novel 
membrane -type serine protease (designated MT 

-SP1) elevated expression of which is assocd. with cancer. In 
one embodiment, this invention provides a method obtaining a prognosis or 
of detecting or staging a cancer in an organism. The method involves 
providing a biol . sample from the organism and detecting the level of a 
membrane - type serine protease 1 (MT - 

SP1) in the sample, where an elevated level of the membrane - type 
serine protease, as compared to the level of the 

protease in a biol . sample from a normal healthy organism indicates the 

presence or stage of the cancer. 
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AB Membrane-type serine protease 1 (MT- 

SP1) was recently cloned, and we now report its biochem. 
characterization. MT-SP1 is predicted to be a type II 
transmembrane protein with an extracellular protease domain. This 
localization was exptl. verified using immunof luorescent microscopy and a 
cell-surface biotinylation technique. The substrate specificity of 
MT-SP1 was detd. using a positional scanning-synthetic 
combinatorial library and substrate phage techniques. The preferred 
cleavage sequences were found to be (P4 - (Arg/Lys) P3- (X) P2- (Ser) PI- (Arg) PI ' - 
(Ala)) and ( P4 - (X) P3 - (Arg/Lys ) P2 - (Ser ) PI (Arg) PI ' (Ala) ) , where X is a 
non-basic amino acid. Protease-activated receptor 2 (PAR2) and 
single-chain urokinase-type plasminogen activator are proteins that are 
localized to the extracellular surface and contain the preferred 
MT-SP1 cleavage sequence. The ability of MT - 

SP1 to activate PARs was assessed by exposing PAR-expressing 
Xenopus oocytes to the sol. MT-SP1 protease domain. 

The latter triggered calcium signaling in PAR2 -expressing oocytes at 10 nM 
but failed to trigger calcium signaling in oocytes expressing PARI, PAR 3 , 
or PAR 4 at 100 nM . Single-chain urokinase-type plasminogen activator was 
activated using catalytic amts. of MT-SP1 (1 nM) , but 
plasminogen was not cleaved under similar conditions. The membrane 
localization of MT-SP1 and its affinity for these key 

extracellular substrates suggests a role of the proteolytic activity in 
regulatory events. 
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AB Three novel cDNAs encoding serine proteases, that may 

play a role in early vertebrate development, have been identified from 
Xenopus laevis. These Xenopus cDNAs encode trypsin- like serine 
proteases and are designated Xenopus embryonic serine 
protease (Xesp)-l, Xesp-2, and XMT-SP1, a homolog of human 
MT-SP1. Xesp-1 is likely to be a secreted protein that 

functions in the extracellular space. Xesp-2 and XMP-SP1 are likely to be 
type II membrane proteases with multidomain structures. Xesp-2 has eight 
low d. lipoprotein receptor (LDLR) domains and one scavenger receptor 
cysteine-rich (SRCR) domain, and XMT-SP1 has four LDLR domains and two CUB 
domains. The temporal expressions of these serine 
protease genes show distinct and characteristic patterns during 
embryogenesis , and they are differently distributed in adult tissues. 
Overexpression of Xesp-1 caused no significant defect in embryonic 
development, but overexpression of Xesp-2 or XMT-SP1 caused defective 
gastrulation or apoptosis, resp. These results suggest that these 
proteases may play important roles during early Xenopus development, such 
as regulation of cell movement in gastrulae. 
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AB Serine proteases of the chymotrypsin fold are of great 

interest because they provide detailed understanding of their enzymic 
properties and their proposed role in a no. of physiol. and pathol . 
processes . The authors have been developing the macromol . inhibitor 
ecotin to be a "fold-specific" inhibitor that is selective for members of 
the chymotrypsin- fold class of proteases. Inhibition of protease activity 
through the use of wild-type and engineered ecotins results in inhibition 
of rat prostate differentiation and retardation of the growth of human 
PC-3 prostatic cancer tumors. In an effort to identify the proteases that 
may be involved in these processes, reverse transcription-PCR with PC-3 
poly (A) + mRNA was performed by using degenerate oligonucleotide primers. 
These primers were designed by using conserved protein sequences unique to 
chymotrypsin- fold serine proteases. Five proteases 

were identified: urokinase - type plasminogen activator, factor XII, protein 



C, trypsinogen IV, and a protease that the authors refer to as 
membrane - type serine protease 1 (MT- 

SP1) . The cloning and characterization of the MT- 

SP1 cDNA shows that it encodes a mosaic protein that contains a 

transmembrane signal anchor, two CUB domains, four LDLR repeats, and a 

serine protease domain. Northern blotting shows broad 

expression of MT-SP1 in a variety of epithelial 

tissues with high levels of expression in the human gastrointestinal tract 

and the prostate. A His-tagged fusion of the MT-SP1 

protease domain was expressed in Escherichia coli, purified, and 

autoactivated . Ecotin and variant ecotins are subnanomolar inhibitors of 

the MT-SP1 activated protease domain, suggesting a 

possible role for MT-SP1 in prostate differentiation 

and the growth of prostatic carcinomas. 
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